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During the period of study, age-standardized mortality rose more than 5-fold in Australian men compared to just over 3-fold in men in England and Wales. In both countries the increases occurred almost entirely before 1960, with relative stability in age-standardized rates since then.
The trends in mortality with year of birth were similar in the two sets of data. The risk of death from prostate cancer increased with successive birth cohorts to reach a peak in men born around 1865-1880 in Australia and men born around in England and Wales. Males born later experienced a continuing reduction in rates, with the exception of age groups between 50 and 69 in which a further increase has appeared, starting with cohorts born after 1910.
On the basis of current knowledge of the aetiology of prostate cancer, possible relationships between changes in sexual practices and prostate-cancer risk in successive generations have been explored. It is suggested that lowered sexual activity during the Great Depression may account for the recent cohort-based increases in mortality in middle-aged men.
OF THE 77 MALE POPULATIONS for which rates appear in Cancer Incidence in Five Continents, Vol. III (Waterhouse et al., 1976) , the prostate gland is the leading visceral cancer site in 9; second to lung or stomach in 25; and in a further 19 it ranks third after lung and stomach. In Australia (New South Wales Central Cancer Registry, 1980; South Australian Central Cancer Registry, 1980; Tasmanian Cancer Registry, 1979) prostate cancer is the second most frequent non-cutaneous malignancy in men, following cancer of the lung. In view of the relative importance of prostate cancer as a cause of morbidity, it is a paradox that its epidemiology has suffered comparative neglect. Nevertheless, clues to its relationships with endocrinological and sexual phenomena are now emerging, and in particular, male sexual frustration has appeared as a common factor (Steele et al., 1971; Rotkin, 1979; Schuman, 1980) . It is our purpose here to describe the secular trends that have occurred in prostate cancer mortality in Australia and England and Wales, with emphasis on recent changes and their interpretation on the basis of associations found in analytic studies. At the same time, further elaboration on Barrett's model for mortalitytrend analysis (Barrett, 1973 (Barrett, , 1978 (Barrett, 1980; James & Segal, in press) , and on this occasion they were supplemented by data from 1971-75 and 1976-77. Apart from these differences in year groupings, the Australian and English-and-Welsh data were processed in the same manner.
In addition to direct examination of the age-specific rates in relation to year of birth (a variation on methods described by Case, 1956 ) age, time and cohort factors were estimated from the Australian data, by use of a proportional-hazards model which allows for the possibility of age-year interaction (James & Segal, in press ). For a quinaryquinquennial table of mortality rates, this model takes the form, log E [pij] = oi8j = j + yj-i where E [pij] is the expected rate in the (i,j)th cell; xi is an age factor for the ith age group; gj and 8j are, respectively, a time factor and an interaction term for the jth quinquennium and yj-i is the cohort factor of the (j-i)th cohort. This model, which is an extension of that due to Barrett (1973 Barrett ( , 1978 results when one assumes a hazard function of the form, Aij (t) = exp (8j.a(t) + gj + yj-i)
where Aij(t) is the hazard (i.e. risk of death) at any age t, given i and j and a(t) is some basic but undefined function of age which determines the relative risk of death. It should be noted that ai is effectively a point estimate of a(t) based on a class interval of ages. The advantage of this model over earlier work (Barrett, 1973 (Barrett, , 1978 (Barrett, , 1980 Holman et al., 1980 ) is that it not only allows the proportional effects of epoch of birth and epoch of death to enter multiplicatively into the hazard function, but it also allows the shape of the hazard to change with time, albeit in the fairly restrictive sense that the relative risk between two ages may change. This is reasonable, since a cross-sectional factor, although affecting all strata of the population at once, may still have differential effects according to age.
A major difficulty in the interpretation of age, time and cohort factor variation resulting from models of Barrett's 3-factor type is the possible inclusion in them of arbitrary linear trends (Barrett, 1978; Holman et al., 1980) . For example, for any c,
Thus, the addition of arbitrary trend to the age factor accompanied by subtraction of the trend from the time factor is compensated by a linear trend in the cohort factor. In this regard the age-year interaction model has the advantage of slightly greater stability, 1908-09 1910-14 1915-19 1920-24 1925-29 1930-34 1935-39 1940-44 1945-49 1950-54 1955-59 1960-64 1965-69 1970-74 1975-78 1911-15 1916-20 1921-25 1926-30 1931-35 1936-40 1941-45 1946-50 1951-55 1956-60 1961-65 1966-70 1971-75 1976- In the present case, maximum-likelihood estimates of the various factors were obtained using the statistical computer package, GLIM (Baker & Nelder, 1978) . In order to avoid convergence problems from small numbers of deaths, the Australian data were restricted to ages between 40 and 84, and years from 1910 to 1974. Similar restrictions have previously been applied to the data from England and Wales (James & Segal, in press) (James & Segal, in press). In comparison with these, Australia appears to have positive linear trend in the age factor (Fig. 3) and negative trend in the time factor (Fig. 4) , producing anticlockwise rotation of the cohort factor (Fig. 5) . Thus, the differences between the factors in the two populations may possibly be explained by the presence of arbitrary linear trends in either or both sets of factors due to instability in the model. This is possible because of the almostlinear appearance of the age factor curves which, as indicated earlier, allow instability in the factor estimates. It should be noted that the Pj terms are in any case subject to addition of arbitrary multiples of Sj. Consequently it is perhaps more instructive to look at Sji + pj and yj-i separately, the first term representing an underlying hazard function which changes with time (James & Segal, in press) .
Assuming the real trends in the time factors are somewhere between those in Fig. 4 , the risk by calendar year was probably falling slightly before 1940, and slowly increasing in the years after 1945. The trends in the age-year interaction terms (Fig. 4) The peaks in the cohort factors at 1866 in England and Wales and 1885-1890 in Australia are, respectively, below and above those inferred from inspection of Figs 1 and 2. Barrett (1980) , by restricting the data to calendar years 1951 to 1970, reported a cohort-factor peak at 1885 in England and Wales which is in keeping with that derived from Fig. 4  (1876-1896) .
The cohort factors obtained here show no evidence of the recent cohort-based increase in the age-specific rates. This is presumably because the model used has a smoothing effect over all the data, and the increases are of insufficient size and in too few age-groups to cause a change in trend. It is clear that one should always combine analyses using such global models with direct inspection of the data.
DISCUSSION
If, as case-control studies have indicated (Steele et al., 1971; Rotkin, 1979; Schuman, 1980 ) the risk of developing prostate cancer is raised by a lowered frequency of coitus or inadequate satisfaction of sexual drive, it is possible that cohort-based changes in prostate-cancer mortality may, in part, reflect variations in sexual practices from one generation to the next. We were unable to find documentation of sexual behaviour which extended over sufficient time to be of use in further exploring this hypothesis. However, some clues to the possible trends can be obtained by examination of birthrates and the prevalence and effectiveness of contraceptive methods.
The crude live-birth rates in successive periods from 1861 to 1970 in Australia (Commonwealth Bureau of Census and Statistics, 1966, 1974) (Jones, 1971) reveals that the decline in birthrate before 1876 was due to a precipitous fall in illegitimate births and that marital fertility in Australia first began to fall after 1881 in parallel with that in Britain.
Of the deviations from the overall downward trends in birthrates since 1880, the most notable are the troughs from 1926 to 1945 corresponding to the Great Depression of the 1930s. In spite of the prohibitive effect of the harsh economic environment on human reproduction, the available evidence indicates that contraceptive techniques were not widely used during the Depression. For example, from a survey of Australian married women conducted in 1971, it was found that only 440o of those aged 16 to 30 years in 1935-39 had used any form of contraception (whether appliance or non-appliance methods) during that 5-year period (Caldwell & Ware, 1973) . In his pioneering work on the prevalence of family planning in Great Britain, Lewis-Faning (1949) reported that only 63% of women married in 1930-34 had used any birth-control measures by 1947, and of these only 48% had used appliance methods. In each of these surveys coitus interruptus was included as a non-appliance technique. In the absence, therefore, of widespread use of effective methods of contraception it would be reasonable to assume that the 1.6 fall in birthrate during the Depression was due to a reduction in frequency of vaginal intercourse between marital partners. It is possible, therefore, that the increase in prostate-cancer mortality in males born after 1910 is related to sexual frustration experienced by these men as young adults in the Depression years. It may be, of course, that frequency of masturbation, sodomy, fellatorism and recourse to prostitutes increased, but such changes in behaviour would have been motivated, presumably, by a frustration of sexual drive. The restriction of the cohort effect in prostate-cancer rates to men over 49 is reasonable if one assumes a long latent period between the peak in sexual frustration and death from the disease. It may be of interest that cohortbased increases in breast-cancer mortality in England and Wales and Australia also appear to have been related to diminished fertility in the 1930s (Armstrong, 1976; Fleming et at., 1981) .
An explanation on the basis of possible changes in sexual activity is not as readily available for the earlier increases in prostate-cancer mortality, peaking in men born around 1865 to 1880 in Australia and around 1876 to 1895 in England and Wales. These increases in rates began with cohorts born as early as 1830 and it is unlikely that men born before 1850 would have participated to any extent in the decline in fertility which occurred after 1880. The part played by accuracy of diagnosis and death certification in the early increases is difficult to assess. However, had their contribution been significant, one would have expected a rise in the time factors rather than the decreases to 1940 seen here. The slump in Australia's birthrate between 1890 and 1910, also in the context of economic depression (Hicks, 1978) , would be consistent with the peak in the Australian prostate-cancer rates if a relationship to rate of coitus existed. There was, however, no corresponding fall in birthrate in England and Wales. Barrett (1980) has suggested that coitus interruptus, which in Great Britain had its highest ever use by couples married in 1920 -24 (LewisFaning, 1949 could account for the peak in the cohort factor if this form of contraception were a causative factor. Testing of this hypothesis in future analytic studies is warranted, though the possible mechanism whereby coitus interruptus could enhance the risk of prostate cancer is unclear.
It will be of interest to follow the trends in prostate-cancer mortality in future years. If the suggested relationship to the Great Depression and sexual frustration is correct, one would expect the total mortality rate to increase as the affected cohorts of men attain the ages where prostate cancer is most common, and subsequently decline as they leave the population through death. The evolution of such changes would offer further support for the role of sexual factors in prostate cancer.
